Abstract: This brief review summarizes the available literature on the intersection of obstructive sleep apnea syndrome (OSAS) and ergospirometry. Ergospirometry provides an assessment of integrative exercise responses involving pulmonary, cardiovascular, neuropsychological, and skeletal muscle systems, which are not adequately reflected through the measurement of individual organ system functions. Sleep disorders, including OSAS, often exacerbate problems in the operation of the autonomic nervous system, heart function, lung mechanics, anxiety, and muscle metabolism. Patients with OSAS have low aerobic capacity due to dysfunction of these systems, which often affect quality of sleep. Further research is necessary to elucidate the precise mechanisms through which ergospirometry can be useful in the assessment and early identification of patients with OSAS.
Ergospirometry
Ergospirometry (cardiopulmonary exercise testing) according to Albouaini et al. [1] provides an assessment of integrative exercise responses involving pulmonary, cardiovascular, neuropsychological, and skeletal muscle systems, which are not adequately reflected through the measurement of individual organ system functions. This non-invasive, dynamic physiological overview allows for the evaluation of both submaximal and overdosed responses, providing the health professional with relevant information for clinical decision making. Ergospirometry is increasingly used in a wide range of clinical applications for the evaluation of undiagnosed exercise intolerance and for the objective determination of functional capacity and impairment to aerobic ability. Its use in patient management suggests that resting pulmonary and cardiac function testing cannot reliably predict exercise performance and functional capacity, and that overall health status correlates better with exercise tolerance than with resting measurements [1] . Ergospirometry involves measurements of respiratory oxygen uptake (VO 2 ), carbon dioxide production (VCO 2 ), and ventilation during a symptom-limited exercise test [2] .
Obstructive Sleep Apnea Syndrome
Obstructive sleep apnea syndrome (OSAS) is characterized by recurrent upper airway collapse during sleep, leading to intermittent nocturnal hypoxia and sleep fragmentation. OSAS symptomatology appears as a reduction (hypopnea) or complete cessation (apnea) of airflow through the airways despite continued respiratory efforts. OSAS is diagnosed by clinical history and polysomnography (PSG). OSAS is classified by an apnea-hypopnea index (AHI > 15 or an AHI > five with daytime and nighttime symptoms. The apnea severity is classified as mild (AHI five to 15), moderate (AHI 15.01 to 30), or severe (AHI > 30.1) [3] .
Exercise in OSAS Patients
Compared to the general population, OSAS patients exhibit lower aerobic (VO 2max ) and anaerobic threshold (AT) capacity [4] [5] [6] [7] . This is attributed to the pathophysiology of OSAS in patients, including lower sleep quality that causes disturbed exercise responses [6, 8] (see Table 1 ). Low quality of sleep has a negative effect on exercise ( Figure 1 ) for both OSAS patients and healthy people. According to Chennaoui et al. [9] the performance in exercise depends on physiological, psychological, and biomechanical parameters. There are conflicting studies in the correlation between performance and sleep loss: Chen et al. [10] suggested that poor sleep quality reduces VO 2max while Hill et al. [11] found no significant differences in VO 2max and loss of sleep. OSAS patients showed reduced exercise capacity (↓VO 2max ), and a decreased response of HR to exercise compared to normal people, which was attributed to chronotropic incompetence [5] . In addition, OSAS patients experienced increased systolic and diastolic blood pressure (↑BP) during exercise and permanently high systolic blood pressure (>200 mmHg) during the first minutes of post-exercise recovery. According to Aron et al. [5] these differences may be due to cardiac dysfunction, decreased muscle metabolism, chronic hyper-activation of the sympathetic nervous system, and endothelial dysfunction [9] . 
Responses in OSAS Patients during Exercise

Autonomic Nervous System and Heart Dysfunction
The recurrent hypoxia-re-oxygenation that characterizes OSAS results in instability of the autonomic nervous system (ANS) [24] , which is associated with endothelial dysfunction, sympathetic induced vasoconstriction, and increased beta 2 receptor response [8, 25, 26] . According to Mansukhani et al. [24] there are various mechanisms through which blood pressure is altered during exercise in patients with OSAS, such as impaired vagal activity, increased platelet aggregation, and/or insulin resistance that may impair left ventricular function [27] .
According to Somers et al. [28] , hypoxia is a potent stimulator for the sympathetic nervous system. Fluctuations in sympathetic and parasympathetic activity in patients with OSAS may lead to the development of atrial and ventricular arrhythmias [29] . During rapid eyes movement (REM) sleep, OSAS patients have suspended central homeostasis, allowing large fluctuations in respiration, thermoregulation, and circulation. Moreover, the activity of the sympathetic nervous system and hemodynamic alterations have an impact on blood pressure and heart rate, leading to higher values compared to those of normal individuals [26] . These alterations are often associated with the instant restoration of muscle tone during REM sleep, leading to abrupt disruption of the sympathetic nervous system and increased blood pressure [8] . Furthermore, the restoration of muscle tone possibly relates to increased blood pressure, according to baroreceptor-reflex mediated inhibition of sympathetic activity [26] and an adaptation of the baroreceptor-reflex during sleep, as reflected by the intense tachycardia and sympathetic stimulation with comparatively mild hypotension at the point of awakening [26, 30] .
Lung Mechanics and Gas Exchange
On the other hand, reduced pulmonary ventilation activity (↓V E ) is associated with the frequency of apnea and desaturation during sleep, interpreting an increased airway resistance during sleep [23, 31] . Abdeyrim et al. [32] observed that FRC and ERV decreased in obese OSAS patients regardless of body mass index whereas these reductions had a negative correlation with the severity of OSAS. They also found that OSAS had a negative effect on pulmonary tumors and may be due to the abnormally elevated recoil pressure of lung elasticity in patients with sleep apnea syndrome.
Patients with OSAS due to repeated hypoxia-reoxygenation can exhibit carbon dioxide (CO 2 ) retention and therefore respiratory acidosis, resulting in compensatory renal retention of bicarbonate ions and excretion of hydrogen ions. The elevated bicarbonate levels may cause a respiratory center response, resulting in reduced respiratory frequency, and also metabolic alkalosis [33] , inducing compensatory respiratory acidosis through reduced daily ventilation. In addition, if the low breathing frequency is insufficient to eliminate extra CO 2 produced during exercise, it can cause increased levels of partial arterial pressure of CO 2 (PaCO 2 ) and end-tidal CO 2 pressure (P ET CO 2 ) [34] . The increased P ET CO 2 may be an end product of a complex conglomerate, influenced by factors, such as the severity of sleep apnea, daytime partial arterial pressure of oxygen (PaO 2 ), blunted respiratory drive, respiratory mechanics, and respiratory muscle fatigue [35] .
Anxiety
Several studies have adequately explained the relationship between sleep loss and performance in ergospirometry testing while few studies have dealt with psychological effects [36] . According to Matsumoto et al. [37] , the combination of sleep loss and exercise have a negative impact on cognitive performance, such as increased cognitive anxiety, anxiety for failure, memory impairment, reduced concentration, and dysfunctional affective regulation that affects physical performance in endurance sports [38] .
Muscle Metabolism
An important factor, which restricts ergospirometry testing on OSAS patients, is related to their metabolic profile; it has been observed that low VO 2peak is associated with premature fatigue of the lower limbs [18] . The premature fatigue of the lower limbs by the 1-10 Borg Scale (Borg scale ≥5) is associated with decreased muscle metabolism during ergospirometry due to long-term exposure to hypoxemia and subsequent adaptations to affect muscle tissue [13, 39, 40] . Muscle weakness and leg effort are different sensations, but are recorded as leg fatigue and may limit effort in ergospirometry, [41] while the intensity of the leg pain symptoms is very subjective [15] . The average person can stand a higher degree of fatigue (very severe fatigue, ≥6 Borg Scale) compared to most OSAS patients, who can stand moderate fatigue, resulting in premature discontinuation of exercise [9] . This disorder of muscle metabolism is associated with elevated levels of lactic acid concentration in the blood and decreased ability to remove it in patients with sleep disorders during exercise [7] .
Previous studies have shown decreased exercise capacity in patients with OSAS due to exercise intolerance and tenderness in leg fatigue [42] . These symptoms are associated with the attenuation of oxidative metabolism, which can be explained by the occurrence of mitochondrial abnormalities in muscle fibers, similar to the phenomenon observed in normal people when exposed to chronic altitude hypoxia and could possibly explain the increased production of reactive species of oxygen present in neutrophils of OSAS patients [13] . According to Vanuxen et al. [7] , leg fatigue is a metabolic muscle injury and the change in lactic acid concentration during exercise has been proven during the peak testing. In addition, delayed lactic acid removal has been observed due to disturbance of oxidoglycololytic metabolism [22] and changes in skeletal muscle fibers [40] due to muscle adaptation to chronic hypoxia [13] .
Conclusions
This review reveals reduced ability of patients with OSAS in aerobic capacity due to dysfunction between cardiopulmonary, neurological and skeletal muscle systems which relate to quality of sleep. The reduced maximal aerobic capacity is associated with increased cardiovascular risks and ergospirometry can be useful in the assessment and early identification of patients with OSAS.
